The role of the insula cortex in the final common pathway for tinnitus: experience using ultra-high-frequency therapy.
The insula cortex (Brodmann's 13-16) has distinct auditory and multisensory areas that have been identified through imaging to be active or hypoactive in cases of severe tinnitus. As such, the insula is a candidate for inclusion in the final common pathway (FCP) for tinnitus. The insula has connection with the prefrontal and auditory cortices, amygdala, thalamus, parabrachial nucleus, orbitofrontal cortex, striate, cuneus, and cerebellum. The insula, as part of the medial temporal lobe system-which also includes the amygdala and the hippocampus-modulates its metabolic activity after high-frequency stimulation. The FCP is characterized by numerous areas in the lemniscal and extralemniscal pathways, including the auditory regions in the thalamus, the cortex, and the cerebellum. It is suggested that elements of the FCP, formulated into a general model of tinnitus, should be considered as beads on a string in designing treatment strategies. This view is the direct result of our past and recent new experiences using ultra-high-frequency sound therapy in cases of severe disabling tinnitus, presented at this time. Behaviorally, tinnitus symptoms decrease by self-report and changes in minimal masking levels with high-frequency sound therapy. The use of multisensory vibration stimulation (somatosensory and high-frequency jointly) should also be explored to maintain or reprogram the auditory cor tical map and induce activity in the FCP circuit, including the parabrachial nucleus and the in sula, which may be the physiological substrate of tinnitus behavioral tests.